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(54) EXHAUST EMISSION CONTROL DEVICE OF INTERNAL COMBUSTION ENGINE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an exhaust 
emission control device of an internal combustion engine 
wherein methanol is produced from carbon dioxide and 
water in exhaust gas from the engine using a photo- 
catalyzer and nitrogen oxide in the exhaust gas is 

reduced using the produced methanol as a reducing 34 *h 



agent. 

SOLUTION: On a pass 32 for exhaust gas from an 
internal combustion engine 30, a photo-catalyzer 34 and 
a reducing catalyzer 36 are disposed in turn from the 
upper stream. Using carbon dioxide and water in the 
exhaust gas, methanol is produced, thereafter this 
methanol is applied to a reducing catalyzer 36 as a 
reducing agent, allowing nitrogen oxide in the exhaust 
gas to rarefy. 
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.1 

mtf7>$>frt>*# (CHj OH) £4y£U 

[If Mm 3 ] l*l^«P s |CDfiWxaSStr±rjitf.W^)« 

±BH7 , eM4g-c i ±iefiWx^^'=.^^y-;u (ch 3 o 

x s~ * «• »x x <$> (D^mtitmmse. * 

»swxsi&^tc&tf£#;tfx4'WA'f kda-jh> 

±E3t««tT?±BE#^Z*d^^3'y-^ (CH 3 0 
H) £fe£U ZL<D&l&ZftjZ*9 S-)U&±.&Mj£M 

(a*8ffc*©ji7c) NOj+H 
(ggliWJT) HC+O, 

fc£<Z)t£H C * lrj«f 5 * > £**&BT& 0 , 
jft**&0, *WiHC (S7c^iJ) $±tex>v>lc 



2 

5 ] mftmm-m\k^5> >%<D»mt lx 
3, 4©^-rnj&wcffi«©rt«s«H©»^^«Kfcs«. 

[0 0 0 1 ] 

10 [^BJ<75JS-r5fe«^if] #3&9itt. rtillfflSWX 

* (COj) i7K (H 2 O) i^bTtttlK^ffl^T/^ 
y-JP (CH3OH) ±SBl?£fiSt£nAc/ 

$ j-nzmitmtLx'g.mmtm (no,) £<g«-r 

[0 0 0 2] 

[«£*©&*] SEiSt^— KVUx>v 

20 S&fctt (NO,) ©|*S*#*£Lfctt«Eani*ji3l 

Wi:#AbtlTV^, 
[0 0 0 3] X, ±Eifl*Hfc**Str##;*l;:tt. IK* 

tNOjtHC ©»>fcA \v yxTX'(D^mti-im^ 



30 [0 0 0 4] ±Eftfftfi8*©A-f Fo#-*'>^6& 

•tztm*>ts.w. x. (nft&ssup-rsttfltTH. sa* 

[0 0 0 5] X, ±Mj&%mM&^t5®fi7,\Z&^X 
T L £ ^ N O XtiN O z d i^T^ftl, 

40 

C-N 2 + H 2 O + CO, 
^H 2 O + COj 

[0 0 0 6] ±E©J:'5&:Ktf©fc^T. ±ffir-f— tf 

;i/X>> ? >^(7)U->A*— >X>v>(DgWXlf, 

tii^&^ntir^^, ^Jx-tfitis^e- 19813 

50 tS:Sjtt$-&5Zlt{c:J:0±ESi!ieft*S:S7C^S-r 
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[0 0 0 7] X. ^WffiW^^JiLT^ S«j*CO*M 
^Jx.«H^¥4 - 7 6 9 2 4^«*«*S. K4>ffi 

#X£#fcT3fttti£4 jftatf^CMSttU^flDfllE 
SSSrHfiKjf -5 HI Bl# 5 i . KMU 4 K*fl.iS £ I»t5 

5&BBHTiaffl©R»^X*Jtttitt4JC*< 

[0 0 0 8] ±ffiHH¥4- 7 6 9 2 4^$gfE«c(73fe 

fSS^JRBc; 3 0 0 ffi*?iT-*tlH. $iJfflgB 7 1 
OtON^SUlAl/, ^-f 777A8JCjft5lffi*P* 

(c, *^j»7>y3*^<ra-B:T3Knitt*flBW-li-L** 20 

[0 0 0 9] ^ot\ ±BK*J^T\ 5fe-f + • ASffltt 
i2THC, CO, NOj «r*5g£i!>fl:-t*Ui£>, 

4Ti^H£S!llO>:/3<D8gMtCiOHC, CO, NO 

x o^fts^^fija^roft^s^b-r*. x. ras 

-tr >+)" 9 *«8Sff; 3 0 OgiJUb©* • 

-rntf, isjuiss 7 i ocoFFM^saiau 

KMffi^I P ©«*&£f?it lxTHH# 5 £BJ UTSMMS 1 
£±»ftA-Y /Uf 1 1 iroSaSPBUSt^H, *S*M6 30 

[0 0 10] -tUT. fiWXtt7t»«4IC(iW^nT(C 
• iftfflrSttK2 tr^tlHC, CO, NOjNO^ 

2 r-mt ■* z> tz tb . mm mmmmtfim E 2 n & ^ «t 5 1 

[0 0 11] iieCQj^tC. HM¥4-7 6 9 2 4#& 
ffifB««t£«tt, fiWX»fiSH#i'£tf£±f^*K{t 40 
«Sy£«!ttt4(DfPffl{CJ:t)l»*f*feOTftO. dOft 

[0012] Ht, 7-%fre>mm$tiz-wuk& 
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[0 0 13] 

^^*<7)±gSiNFW¥6 - 1 9 8 1 3 2^£;ffi!B«©t£ 
±fBJ##7, t IC * * y -;i/S:ESS.ifi»-r S t>© 

[0 0 14] ±|5W*M¥4-7 6 9 2 4^ffi|B*ctff 
«4fl)^fflfr<fcOI»*-rS ! b© , T?»0, ^®«4g 

[00 15] X, ^cOttcD^*^JtbTI5Ji^bfcfc« 

[0 0 16] x. ±SB»*'xas§4 | ro#**xro4 | tc-&fi- 
/-JV^m^MtbX, ±IBSWXiiSScoTSit(c^We> 

?& ^*-r^> t v» -5 awsst t>£-3< ±tBgs^Kia-r 

(C0 2 ) (H 2 O) t*^3ttftk 

tt*ffl^T^^/-;u (CH3OH) *4jsE$-&. ±ib 
o x ) ^tett-rirtjKSdiKosp^^jwbSB^^tt-r* 

[0 0 17] 

sn, ±ffi7ttt«!«T±fBfiWx4 i ^by^y-;i/ (ch 

3 OH) ^^e!cb. ±IBa7C««Ti0)4filc$tlfc/^ 

/-;l/£SJcffl£LT®fflLTl£NO x ?r|^ST^5ct 

[0018] !S*J12lE«ro*feHJ!©rtKM»SW7; 
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(ch 3 oh) ti 

[0 0 19] »*«4fH«<0*5!WOrt«S«g8©P^X 

s nfcttmte* »cs-^n t . setai t * it 5 sjtftfett^ 

M^w^^^y-^ (CH3OH) ££b)cU z.<d 

30 

[0 0 2 0] »*^5 8H*<7)3|c^W©rt«S«H©SP^^ 

^{tgatt. 3, 4(D^-fnfr\zmm<nffii$ 

snsttfeic, s»7c««t*«ffi*, 7;i/5^^w«;« 

<!:LTiJS3nti(!:*(*itLTt>4. 
[0 0 2 1 ] 

^*fijCWJr*L/fcaw0, m 2 \tm 1 WTt«4ico«ig 40 
-rmiawH. (b> as 2 (a) <D2B-2Bm^ 

[0 0 2 2] Hl(C^LfeJ;5(C, xV— feVH>v> 
3 0©i**XISS3 2l;(tiEft5 1 5'> (Ti 0 2 ) £ 

©#tt-ejBfifcanfctttta3 4#*g«fc$n-cteD, -to 

Ti3ttfi^W3 2^^LT7Jl/5^^, & (Ag) ^ 50 
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[0 0 2 3] X, SW^gM 5«. gSRSfcttKStttti 

?S3 8, /W KD*-^>iglS^th¥g4 0CO|*l4>ft 

< i feS*Kit»»««tb^R 3 8 Tt&tHftfci&mtt* 
a#S3 8t/w Hn*-#>jiatttii#a4 otttu 

WILT, *©ttfc:ffii3T3ffl;frff#£fa*|^©4 5C 

<t o mm u . ±E>tas^ <=> ©3t***w» $ «t o \zm 

[0 0 2 4] 3te««3 4 0«fiK*. 

I»Wr*. ftftklK 3 4 tt. ftfeffig 5 4a iiftig^ 54b 

n&7tttffi*^5 0<t. 3fc8l£5 4bKER;*ft-53fcig 
4 4t*^M5tlT^5 t *"UT, fttt*g##:5 0CD 

4rt©£J#«5 4c, 5 4d£3fcMJ«5 OiOHKEEtt 
[0 0 2 5] X, ±fE«tt«^ 54a 5 4 b t 

(Dmmzit. mm<&, *tmtm> www*©, ewse 

^«4*ttS5 4 aOft-mizmmBtlT^Z,. ftoT, m 
2 (A) , (B) £SUfc±3IC±K»#;*#3fcttiSft3 
4£fiiMt<Tfc. ±IB»^jiag|5# 5 8 £tt$5 Ota 
iSn5Pli5 4 eti, /7->aI^^y b5 2£<fc 

[0 0 2 6] X, <7-f i'^y */ zMtiT,* *j h5 2 ttH 
ft. P B 1lt5 4 e(CgWX^lAL7i^ 

•7->iSi**xy-7 h 5 2 ti, ifBrofecoicffi^nsfc© 

th&<, mtm. m±t>&, mmm&, mm 
[0027] x, m&'g.s 4 acDftmznmtz^oiz 

TtSS 5 4b ±fBC07tiiSgW 5 8 CftJS 

T^ioi'^P 5 4 f ^fSttbtlSch&fl. ^COP^P 5 
4 f ftOMSgfltf 5 8 £^LT±Kft^*ffi*fr 5 
0(CgJitT-t?>d;e)tC, 3tiSS5 4 b»C3tR4 4*«RJt 
5ftT^5. X. ±S<7>3tftfett*# 5 0\ZMLX^M4 
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[0 0 2 8] X, ft»tt*#5 0SRBMl?lj;ft<, 

7 7^/\'5«*# 5 0 ©fl-Hfci&^-OfcSS 5 4b 

[0 0 2 9] *ISJ6»aitt±Bac0J:-5{:#|J5fc$nTV»S 

OT*. X>v>3 0^b«SE#X^#WX3?§3 2£fi- 
LT^:ttl«3 4('A-5i7tM4 4^6©)t^^ttT, ft 
MfflbMfc5 0 £>-$Kb^ > (T i 0 2 ) izSWX^CD 
CO; iHj OttffcmLT&(Dik^\Z^Ltz&o\Z 20 

j**/-^ (ch 3 oh) 

C0 2 +H 2 O^CH 3 OH 

£©£jdc**y-;i/ (CHjOH) ^jl7u«4|^JiL 
T. T«E«»7;P5±3R, m% (Agl) t?TJBl«Sft 
fcjM5ntt^3 6{cffin, _hfBSWx*©NO x tSJ^-fr 

[0 0 3 0] 
NO, +CH 3 OH^N 2 +H 2 O + COj 
X. 3ttt«E5 0*iiia^ ^*8<b*»S«lil^ft3 30 
8, A-f KP*-#>i«ttfflfg4 OTttlHU 

£M^a*iii#;*ftftM;^e2ft4»T\ t£M4 4(Z)X 

SftffilB £«• £ A 4 d <!: * 4 . 
[0 0 3 1 ] X, ±IETttS*IMbtt«£&tti^g3 
8, A-f h*n*-#>aiflEfiiai#a4 0^6<7)tttH«# ' 

_kfENO x MSr^frSfcftro^^y-JKD^gS^a 40 
fP^I£4 5-eatHU 7tM4 4ro^«)B#F a 1^Wr-5>d; 

[0 0 3 2] ±!2*M^5lTttil7uttffi 3 6 OTflEffllC 
HC, NO, ©a*»{fc*j»&&tii^&3 8> A-f Ko 

*-^>«s«iw#e4 o ssttfc**, ±i2©7ttti«5 
nmwtmtmmmz m-%m iz « ^ £ # l t m m so 
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■t4. 

[0 0 3 3] Emc^Ufcfecoti, S*HSt±H 1 13^ 

Uit t> <d t nm.x& 4 (Dx±$i(D^.mm^m&^th^ 

153 8, ;W KP*-jK>«flE*a?gl;4 0{iE«UT 

±«B*ifiJEJJSt»UT**lt{fc«»«flE«ffi^a3 8tf)T 
«t*l©ft#;*iIK3 2 Z1tl,T±.U*5> J-)VZMim 
Ltsb%mtf&l&§ 0 £ERLfct>©'T?a4. 
[0 0 3 4] #J&JBWJ±ie©<fc5K#]«£nTH-5© 
T\ x>v>3 0^bCO#^X*Hll-eraL>tJ;3 
fC. 7tftfe«5 OTM^tWCOj £H 2 OiCiOl 
HBCO^^C^^y-^ (CH 3 OH) ££J5EU ^004 
j££ tlit / ? / -;U*a7C^lt LTjf 7cttffi 3 6 (CeftA 

O x £MtcLT, NOj +CH 3 OH->N, + H 2 0 + 
COj COi^tNOx Sr^S1"-5t)©T*4. 
[0 0 3 5] mz. Stc«»3 6TNO, 

ft^S, CHj OH + 0 2 -*C0 2 +H 2 0<D£.0\zm 

fbu itftcoj tr«t>o-c*4. fox, 

wtm<DfcmmT°\t, x>y><Difcfi zip 

■znz,*? y-fr (CHjOH) zw^Mt L^m . ± 

x (Z)#fb*^#ibn. gift, Rt/HC^co^Jn©^s^ 

[0 0 3 6] X, WSBb^cEil \Z7Ht&5£W<DMffiJ&m 

<DM^mm 3 6 wTssflfc»ft»ttt 6 o z&mLfzmti 
Rzfi±&&mM<D%iz&\,*Tb. ^.tmitmme oizm 
2%mmvT&mt, x>>>>3 oros6idP# 

C0j;5^*'7 l Sa^fgfiB#t*5tt4NO x tC0 2 *i 
HC^Htti©^C i&K&ffi#& 6 4 ^Kfb 

Ma 6 o «jfif#cD^-fti^roafi:gi?ft{cf5ttT_hKsjt 

5lceiS-y-b*> ma,t-^6 2$:ON, OFF 
LTi£SP#(CK{btti£6 0*ajfi-rs#^Xff<7)HCC 
^LT^fb^ffijl-r-S^^lCT^. ffiSlitCOHC^* 

[0 0 3 7] X. j*^*Wflt*|**Ufclr»«^ICtt. 

fc, E!4(C^L7tJ;^l;x>x>3 0t7ttt^3 4<h<D 
ISt, ±IB«^I^S1-4fe66»h7 7 7 0 7^;l/^7 0^r 
EIS-rntf«tH. f^oT, *^H^(Jx>v>(Dfi^'X(Z) 

fise^e* • mm\zm.-DX, ±i2#^*»{b-rs 

[0 0 3 8] W£Lfc«£*gBC)«t5t, #Bi]Ca2ttfc 
@!tt, HC, CH 3 OH«r±EfiWXtf{Ci«WLfc0-r 

%m%5&-BW£Lfcr). X±ffiCDg?ft, HC, CH 3 O 
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hob? mm 9 >z ^±iB6?ftco*^(c«±iB \,t$mtt 

Stt 9 > * SrStttt l >«£Kfi*M3MH Wfiffi * > £ £*l 
[0 0 3 9] L,j&>*>#3E9§tt. x>y/©»* , 74'»)i 

^^^/sE^n-s^^y-ji/ (ch 3 oh) SrSTt^iji 
x ^fb^w#e.n, ±m<D£5\z&®. mfHcmnm 

X. Se&fri'cfcoT, NO, &tfHC©SMf;*(t><0» 



10 



4 £#x.5x*;i^ ^ i (c=t 0 . KJSK&g 
&a*OCH,OHS:±(«-r*^i:*«T?*5fcA, X* 

%Wim^mT*&ffl<D ch 3 o m$±mt%%mz 

[0 0 4 0] X, H 2 0£#fi?t"-5WT. 

». ftuwis 0{c*tt5e{k**«#^fi<Tt>a7c»it 20 

(±^*©X>->*>T'tt. f#£Cl£/^Ti*ft^&CDT& 
5, 
[0 0 4 1] 

[3S9§«J»*J EU:«¥iEL,fcJ:3»;:. M*il lffift©* 

H3OH) ££j#u z<D&&t<ntzx* y-;i/*±iB 30 

?tc#i/$£nT^-5»T\ ^wxf&y^y-Ji/ (ch 3 
oh) ^MTcttift^jtUT, TimmmTiMmizmtL, 

[0 0 4 2] S*«2l2«Ew*agW(Z)rt*8«tP©»^^ 
±ffi®7cM«T'NO x ASRSSnfcM^H'C^ofc^ 40 

■ES$nTir»5K*»«ET»<tu. «#&co 2 t-r-s 

[0 0 4 3] SI*«3ia«©*|EK<Ortj!!KaH©#^X 
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-e±i3J*#**J&* (CHj OH) 

-;u (CH s OH) €4fi£i±La6> 
(CH,OH) ^ilTttt^iJibT. TSE«©fi7Eft*flE 
Ksftft. ±f2$#X*ONO x <hj5&i£L«&T. NOx 

[0 0 44] x. ±3BS*Kfl:«jjSffi*m^aK:«fcO« 
ffl£fifc±fENO x *£JiMb-f £>£*!>©;* * y -ji/CDi^ 

sa^±tB©iffl^aTitffL> jat3±gH3tsofpaNFFa 

*fHffl-rs©T, ±tEftM<DX*;i^-£ftf£|5gKffl];L 

sw*aB»#fc*tts*;tf;**©£*&fctt»&£t& 

ycMtmzytzmM-tzytmt. immm^Tmrnnm.^. 

#StttltlJnfcttlMS*l:S^HT. Stifle -5 

M^TilBft^'X^^ey^y-^ (CH3OH) 
fiEU £©±j£;*ft;t;*^y-;i/£±gE«Sttj«©&^ 

J«i*ftTtr>5©T. ±IB7ttt^T-±IB#*'X' : f^6^5' 

y-ju (CHjOH) #£j5£-t£L#, cico^y^y- 
;u (ch 3 oh) ata^ttttajtux. T8Sflj©«7cis 

j&tfltn, iiesWxffroNOj ^s^b^r, no 

[0045] x. ft*ttE£a««, *»ffifbtijiit^m 

SM/XcfroNOx RCXHCOffllSG)Jt^TNO x <75#{b 

©xT-ji/^^gfgpg^wx.-s 3 t#T#-5o mutm 5 IB 

mi. 3, 43e*©«*£fc:*^T. K^MIR^-^Hb^ 
*>5R©Mtt&<tl,T«Ji&Stt£<!:#i;:. K&7cttftKtfft 

^>^6©ft^X*tj*^^aB*^l/TJt*tt»CA-&t 

TtS^bCO^^SttT, ^M«co-Kfb5 1 3'> (T i 0 
2 ) tMXtOCOj tH, ot«iT^^y- 

)V (CH 3 OH) W±fiL$tlZ. 
[0 0 4 6] iroM^^y-Jl/ (CH 3 OH) tJJjItc 
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M?ctt£SICD?m> ±iHSf^^WNO x tSJSi+t&T 3 8 
NOx SriSS^^T^-r-Sdt^T 4 0 

[0iB<0fffi#fcW9i] 4 4 

[0 1 ] *mM<n^mmzmxm^Ltz®Lmmwm 4 5 

5 0 

[0 2 3 01 <Z)Jtttjit<0«jfi**5S«f'iSbfc«WSttW 5 2 

Bn?6o. (a) «0 1 (Dftmu'Dmm^^-rmmm.m 54 

0. (b) tin 2 (a) <D2B-2BWnzr^om.mmm 54a 

HT*t), 2c¥»©*S-T. 5 4b 

[0 3 ] *mA<n^MBm<DfcmMzm&m~m-fm 1 10 54c 

trnm^m^^mmmr^^. 5 4d 

[04 ] *mm^MWM<n^<n{&<Dfomm*>gki£.mz 5 4 e 

^-th 3 tmm^m^-tm.mmm-ch^>. 5 4 f 

[0 5 ] ftmmv&mmmwzmmmzKtmwm 6 0 

5 8 

[^^OTI^B^] 6 0 

3 0 X>^> 6 2 

3 2 j##7,iIS& 6 4 

3 4 Ttttffi 7 0 

3 6 MytmU 20 
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